Two remarkable epimerization processes were uncovered during our pursuit of an enantioselective synthesis of (+)-aigialospirol featuring a cyclic acetal tethered ring-closing metathesis. Through modeling, we were able to turn these two unexpected epimerizations to our advantage via modeling to ensure a successful and concise total synthesis, thereby firmly establishing cyclic acetal tethered RCM as a powerful strategy in natural product synthesis. Most importantly, calculations allowed us to fully understand the nature and the mechanistic course of these two epimerizations that were imperative to the total synthesis efforts. cyclic acetal, tethered RCM, (+)-aigialospirol, anomeric effect, and epimerization.
Introduction
In the last five years, we have been exploring chemistry of cyclic acetals [1, 2] , which can serve either as an activator of 2-components for cationic cycloadditions via vinyl oxocarbenium ions [3] , or as a unique tether for intramolecular transformations that could lead to a useful strategy for constructing spiroketals (Figure 1) [4]. This program provided an invaluable opportunity for us to establish a fundamentally different, yet competitive, approach [5-7] compared to the classical spiroketal construction [4], while allowing us to explore the impact of the anomeric effect (~1.5 kcal/mol per anomeric effect) [8] on new reactivities [5, 9] and stereochemical issues [6, 9] .
With exception of very few precedents [10] [11] [12] , there have been no general studies on cyclic acetal tethered reactions to construct spiroketals. The lack of interest in using acetals as tethers could be due to their overwhelming repu- tation as protecting groups for carbonyls and alcohols and their perceived instability under hydrolytic conditions. However, we recognized that developing cyclic acetal tethered reactions would represent a fertile ground for discovering new synthetic strategies. Endeavors in pursuing strategies and approaches that are unconventional or even untapped have historically led to fertile grounds for uncov- Figueroa R, et al. Sci China Chem January (2011) Vol.54 No.1 ering new chemistry and for the advancement of synthesis.
Of all the methods that have been developed, cyclic acetal tethered RCM [13] appears to be the most powerful method (Scheme 1). Combining the prevalence of spiroketals in biologically active natural products [1, 2] and the power of RCM has rendered this a fundamentally different approach truly significant in natural product synthesis [7, 14] . More specifically, we became involved with the total synthesis of (+)-aigialospirol 4 [15] to demonstrate a point that the cyclic acetal tethered RCM strategy via 5 can lead to a competitive if not superior total synthesis than the classical spiroketal formation through diol-ketone 6.
The isolation of (+)-aigialospirol 4 was reported by Isaka et al. [15] . It was obtained after an extended fermentation of the marine fungus Aigialus parvus BCC 5311 that was found in the mangrove Ascomycete. Although (+)-aigialospirol 4 has not been implicated with any biological activities [16] , it is biosynthetically related to (+)-hypothemycin 7 [17] [18] [19] [20] , which was isolated from the same fungus source. (+)-Hypothemycin 7 is the well-known for its potent antimalarial [21] and anticancer [22] activities.
Specifically, 4 is postulated [15] to be derived from macro-lactone 8 via two steps, trans-lactonization and spiroketal formation. The macro-lactone 8 can be derived from a hydrative opening of the epoxide in 7 with inversion of 8 and 8  7) are not known. We had recently completed the first total synthesis of (+)-aigialospirol 4 [23] featuring the cyclic acetal tethered RCM strategy. We wish to disclose here in this full paper two very interesting epimerizations that were key to the success of this total synthesis endeavor.
Experimental

General
All reactions were performed in flame-dried glassware under a nitrogen atmosphere. Solvents were distilled prior to use. Reagents were used as purchased (Aldrich, Acros), except where noted. Chromatographic separations were performed using Bodman 60 Å SiO 2 . 1 H and 13 C NMR spectra were obtained on Varian VI-300, VI-400, and VI-500 spectrometers using CDCl 3 (except where noted) with TMS or residual CHCl 3 in the solvent as standard. Melting points were determined using a Laboratory Devices MEL-TEMP and are uncorrected/calibrated. Infrared spectra were obtained using NaCl plates on a Bruker Equinox 55/S FT-IR Spectrophotometer, and relative intensities are expressed qualitatively as s (strong), m (medium), and w (weak). TLC analysis was performed using Aldrich 254 nm polyesterbacked plates (60 Å, 250 m) and visualized using UV and a suitable chemical stain. Low-resolution mass spectra were obtained using an Agilent-1100-HPLC/MSD and can be either APCI or ESI, or an IonSpec HiRes-MALDI FT-Mass Spectrometer. High-resolution mass spectral analyses were performed at University of Wisconsin Mass Spectrometry Laboratories. All spectral data obtained for new compounds are reported. X-ray analyses were performed at the X-ray facility at University of Minnesota.
